ABSTRACT
Introduction
Trimethoprim-sulfamethoxazole is an old antibiotic active against Staphylococcus aureus. Trimethoprim is the main active component and bactericidal in itself, but the combination is highly synergistic. 1 With increasing rates of meticillin resistant Staphylococcus aureus (MRSA) infections in healthcare settings and in the community, trimethoprim-sulfamethoxazole has been suggested as a convenient treatment option. [2] [3] [4] MRSA isolates have retained susceptibility to trimethoprim-sulfamethoxazole in many locations worldwide despite several decades of exposure to the antibiotic. Coverage rates above 90% are described in contemporary reports for community associated MRSA and nosocomial isolates in the United States, [5] [6] [7] [8] Canada, [9] [10] [11] Japan, 12 , Europe, Israel, and Turkey. [13] [14] [15] Resistance is described in Australia, where 30% of nosocomial and 10% of community associated MRSA isolates were resistant to trimethoprim-sulfamethoxazole in 2012, but a significant trend for decreasing resistance from 2005 was observed, unlike other antibiotics. 16 17 In sub-Saharan Africa, 19% resistance has been recently documented, owing to high rates of trimethoprim resistance. 18 In India, more than 85% of MRSA isolates were resistant to trimethoprim-sulfamethoxazole between 2009 and 2011. 19 20 Trimethoprim-sulfamethoxazole is recommended for the treatment of uncomplicated skin and soft tissue infections but not for MRSA bacteraemia or pneumonia. 21 
WhAT IS AlReAdy knoWn on ThIS TopIC
Trimethoprim-sulfamethoxazole has excellent coverage against meticillin resistant Staphylococcus aureus (MRSA) strains in most locations worldwide
Vancomycin is inferior to β lactams for meticillin susceptible S aureus and might be losing effectiveness against MRSA owing to minimum inhibitory concentration "creep"
No contemporary randomised controlled trials have compared trimethoprimsulfamethoxazole with vancomycin in the treatment of severe MRSA infections
WhAT ThIS STudy AddS
In a randomised controlled trial including 252 inpatients, trimethoprimsulfamethoxazole did not achieve non-inferiority to vancomycin in the treatment of severe MRSA infections
The difference was particularly marked for patients with bacteraemia Adverse events rates were similar for trimethoprim-sulfamethoxazole and vancomycin doi: 10.1136/bmj.h2219 | BMJ 2015;350:h2219 | the bmj Vancomycin is the primary treatment recommendation for these infections. Alternatives to vancomycin are sought as vancomycin is inferior to β lactams in meticillin susceptible S aureus infections, 22 23 and it may be less effective against MRSA at the higher end of the vancomycin susceptible range. 24 In a small observational study, we reported similar outcomes for trimethoprim-sulfamethoxazole and vancomycin in the treatment of MRSA bacteraemia. 25 Favourable outcomes for trimethoprim-sulfamethoxazole compared with vancomycin were reported in an observational study focusing on infections caused by MRSA with a minimal inhibitory concentration of 2 μg/mL to vancomycin. 8 In both studies, treatment with trimethoprim-sulfamethoxazole was given to significantly less ill patients.
We did a randomised controlled trial to assess whether trimethoprim-sulfamethoxazole is non-inferior to vancomycin for the treatment of inpatients with severe MRSA infections, including bacteraemia.
Methods
This was an open label, parallel, one to one randomised controlled trial, conducted in four acute care hospitals (Rabin Medical Center, Petah-Tikva (192 patients); Rambam Health Care Campus (38 patients); Holy Family Hospital Nazareth (7 patients); Wolfson Medical Center (6 patients)) in Israel, between July 2007 and April 2014. Informed consent was obtained from all patients or their legal guardian.
study population and procedures
We included adult inpatients with severe infections caused by MRSA, including bacteraemia, and patients with highly probable MRSA infections. We defined bacteraemia as the isolation of MRSA in more than one blood culture bottle or isolated in a single bottle and accompanied by fever above 38°C, chills, or systolic blood pressure under 90 mm Hg. We defined other microbiologically documented MRSA infections by using predefined criteria adapted from surveillance definitions of healthcare associated infections, 26 plus isolation of MRSA from a sterile sample from the source of infection. Patients with skin and soft tissue infections could be included only if they fulfilled the sepsis inflammatory response syndrome criteria. 27 Patients with polymicrobial infections could be included, except those involving meticillin susceptible S aureus or mandating treatment with vancomycin or trimethoprim-sulfamethoxazole. The highly probable group included patients with ventilator associated pneumonia and prior antibiotic treatment, central catheter related infections, and surgical site infections in the presence of a foreign body, all without microbiological documentation. 28 We excluded patients who had received trimethoprim-sulfamethoxazole or vancomycin for more than 48 hours; patients with MRSA resistant to trimethoprim-sulfamethoxazole or vancomycin; those with highly suspected or confirmed left sided endocarditis or meningitis; patients with chronic renal failure (creatinine clearance <15 mL/min) and chronic haemodialysis (those with severe acute renal failure, including acute haemodialysis, could be included); neutropenic patients with acute leukaemia or bone marrow transplantation; and patients with known allergy to either study drug, treatment with methotrexate, pregnancy or lactation, previous enrolment in this study, or concurrent participation in another trial.
We used a central computer generated random number list to randomise patients to treatment with trimethoprim-sulfamethoxazole or vancomycin. Allocation was concealed in sealed, opaque numbered envelopes that were opened consecutively after informed consent was obtained. Trimethoprim-sulfamethoxazole was started intravenously at a dose of 320 mg trimethoprim/1600 mg sulfamethoxazole twice daily and could be switched to oral treatment using the same dose at the discretion of the treating physician. Dosing was based on a pharmacokinetic study showing that a lower dose resulted in inhibition but not killing of S aureus and on the dose used in a previous trial. 23 29 The vancomycin starting dose was 1 g twice daily. In both arms, treatment was adjusted to renal function; in the vancomycin arm, it was directed by serum concentrations to obtain drug trough concentrations between 10 and 20 mg/dL. The complete study protocol is available on request. Treatment had to be administered for a minimum of seven days, following which the duration depended on the indication. Concomitant antibiotics, other than the combination of vancomycin and co-trimoxazole, could be administered. After randomisation, no blinding was performed, but outcomes were adjudicated blinded to allocation.
Outcomes
The primary efficacy outcome was clinical treatment failure at seven days and was a composite of death, persistence of fever (<38°C for two consecutive days and no increase above 38° after resolution was required to rule out persistence), persistence of hypotension (<90 mm Hg systolic or need for vasopressor support), non-improving Sequential Organ Failure Assessment (SOFA) score (for baseline SOFA ≥3, a decrease of at least 30% was required; and for baseline SOFA <3, a stable or decreased SOFA score was required to rule out failure), or persistent bacteraemia on day 7. Blood cultures were repeated on day 2 for all patients with bacteraemia and daily thereafter for patients with persistent fever, persistent bacteraemia, or other signs of infection. We also defined a primary safety outcome of all cause mortality at 30 days.
Secondary outcomes included failure or modification of treatment, comprising treatment failure (as defined) or antibiotic treatment modification; bacteriological failure, defined as growth of MRSA on day 7 cultures; persistence of bacteraemia at 48 hours; length of hospital admission; duration of fever, summing all days with at least one measurement of temperature 38°C or above until day 30; and development of resistance defined as acquisition of trimethoprim-sulfamethoxazole or vancomycin resistant S aureus or vancomycin resistant Enterococci. Adverse events included renal failure defined using RIFLE criteria, 30 rash, leucopoenia, any diarrhoea and Clostridium difficile associated diarrhoea, and other adverse events. the bmj | BMJ 2015;350:h2219 | doi: 10.1136/bmj.h2219 sample size and analysis To establish non-inferiority, we allowed a difference of up to 15% in the primary outcome. Assuming a 30% treatment failure rate for both treatment groups, we needed a sample of 128 patients per arm for a one sided test to rule out the pre-specified difference in the 95% confidence interval of the difference between groups, allowing for 10% non-evaluable patients (α=0.05, β=0.8). We did interim analyses of the primary safety outcome after recruitment of one third and two thirds of patients, with stopping boundaries (two sided α level, P<0.01).
We did the primary analysis by intention to treat. We did per protocol analysis for patients without exclusion criteria after randomisation who received allocated treatment for a minimum of seven days. We did subgroup analysis for patients with MRSA bacteraemia. We used χ 2 or Fisher's exact tests to compare categorical outcomes. Continuous outcomes were skewed, so we described them as medians and compared them by using a median difference, all with 95% confidence intervals. 31 We did multivariable analyses for the primary efficacy outcome, including the treatment arm as an independent variable. We entered all variables significantly associated with the outcome on univariate analysis (P<0.05) and not correlated (Spearman correlation >0.5) into a logistic regression analysis. We present risk ratios or odds ratios with 95% confidence intervals.
Results
We evaluated 782 patients with clinically significant MRSA isolates, of whom 252 were included. The main reasons for exclusion were previous treatment with trimethoprim-sulfamethoxazole or vancomycin for more than 48 hours or inability to provide informed consent, related mostly to severity of sepsis (figure ). Inclusion was based on microbiologically documented inclusion criteria in 245 (97%) patients: 91 (36%) with bacteraemia and 154 (61%) with MRSA isolated from other clinical samples. Patients' mean age was 65.8 (SD 17) years, and all infections were healthcare associated (218 (87%) hospital acquired). Characteristics of patients and infections were mostly balanced between groups; the exception was bacteraemia, which was more common in the vancomycin group (table 1) . Appropriate empirical antibiotic treatment was infrequent. Surgical interventions and catheter extraction, when indicated, were performed in similar proportions in the two study groups. Vancomycin trough concentrations were available for 97/117 (82.9%) patients in the vancomycin arm (≥10 μg/mL in 80 (83%) patients and ≥15 μg/mL in 65 (67%) patients). Isolates' minimum inhibitory concentration to vancomycin was 2 μg/mL in 12/77 (16%) of patients in the vancomycin arm and lower in the remaining patients. All isolates were susceptible to trimethoprim-sulfamethoxazole (disk zone ≤10 mm). The median duration of treatment with assigned antibiotics in the per protocol population was 17 (95% confidence interval 12 to 22) days with trimethoprim-sulfamethoxazole (n=110) and 14 (13 to 15) days with vancomycin (n=96). Potentially effective antibiotics against MRSA (mainly rifampin) were added throughout the treatment course for 14/135 (10%) patients in the trimethoprim-sulfamethoxazole arm and 8/117 (7%) patients in the vancomycin arm (P=0.32).
We found no significant difference in treatment failure at day 7 between trimethoprim-sulfamethoxazole and vancomycin (risk ratio 1.38, 95% confidence interval 0.96 to 1.99) (table 2. The failure rate with trimethoprim-sulfamethoxazole was 51/135 (38%) compared with 32/117 (27%) with vancomycin, and the 95% confidence interval for the difference fell outside the lower limit of the 15% predefined for non-inferiority (−1.2% to 21.5%). Of the components comprising the composite outcome, the advantage to vancomycin emerged from higher bacteraemia persistence at day 7 and lack of improvement in SOFA score at day 7 with trimethoprim-sulfamethoxazole. We observed similar results in the per protocol population of patients completing seven days' treatment (risk ratio 1.24, 0.82 to 1.89; absolute difference 9.9%, −3.1% to 22.5%) and for patients with bacteraemia (risk ratio 1.40, 0.91 to 2.16). Restricting the analysis to patients in the vancomycin group whose isolates' minimum inhibitory concentrations were below 2 μg/mL resulted in a larger risk ratio in favour of vancomycin (1.64, 0.99 to 2.68).
All cause 30 day mortality did not differ significantly between groups. However, among patients with bacteraemia, mortality was nearly twice as high with trimethoprim-sulfamethoxazole-14/41 (34%) versus 9/50 (18%) with vancomycin (risk ratio 1.90, 0.92 to 3.93). Among non-bacteraemic patients, mortality rates were low (5/94 (5%) v 4/67 (6%)) and not significantly different (risk ratio 0.89, 0.25 to 3.2).
We found no significant differences with regard to the pre-defined secondary outcomes (table 2 ) . Persistence of bacteraemia was slightly more common with vancomycin at 48 hours and with trimethoprim-sulfamethoxazole at seven days. There was no significant difference in length of hospital admission for patients discharged alive. Adverse events were reported with similar frequency. Renal failure at day 7 and day 30 was slightly more common with vancomycin, but this was not statistically significant (table 3) .
Variables significantly associated with the primary outcome on univariate analysis were included in the multivariable analysis. McCabe score, presence of nasogastric tube or urine catheter at onset of infection, white blood count, and albumin concentrations were associated with treatment failure but correlated with other included variables and were not entered into the regression analysis. Other significant variables are shown in table 4 . On multivariable analysis, allocation to trimethoprim-sulfamethoxazole was significantly associated with treatment failure (adjusted odds ratio 2.00, 1.09 to 3.65). Other independent risk factors were bacteraemia and mechanical ventilation at infection onset; surgery in the 30 days before infection was inversely associated with treatment failure.
discussion
In a randomised controlled trial including 252 patients with severe MRSA infections, trimethoprim-sulfamethoxazole did not fulfil criteria for non-inferiority to vancomycin. The absolute difference in treatment failure rates at day 7-comprising death, clinical/haemodynamic instability, and persistence of bacteraemia-was 10.4% (−1.2% to 21.5%) in favour of vancomycin, crossing the upper limit of 15% difference defined for non-inferiority. After adjustment for differences between groups, treatment with trimethoprim-sulfamethoxazole was significantly associated with treatment failure (odds ratio 2.00, 1.09 to 3.65). Thirty day mortality did not differ significantly between groups (risk ratio 1.27, 0.65 to 2.45); however, among patients with bacteraemia (n=91), death rates were nonsignificantly higher with trimethoprim-sulfamethoxazole. Results were similar in a per protocol analysis. Bacteriological cure and adverse event rates did not differ significantly between groups. Our trial was pragmatic, targeting all patients treated with vancomycin in clinical practice. We defined no exclusion criteria related to severity of background illness or sepsis. Exclusions were based only on contraindications for trimethoprim-sulfamethoxazole (such as chronic haemodialysis) or previous evidence suggesting inferiority of trimethoprim-sulfamethoxazole. We thus excluded left sided endocarditis owing to an in vivo study of endocarditis in rabbits showing lower survival and vegetation sterilisation and higher bacterial load on vegetations with trimethoprim-sulfamethoxazole compared with vancomycin and other antibiotics. 32 We excluded patients with MRSA meningitis owing to inferiority of trimethoprim-sulfamethoxazole to nafcillin in an experimental model of meticillin susceptible S aureus meningitis and lack of evidence in MRSA, despite good penetration of trimethoprim-sulfamethoxazole to the brain. 33 34 We originally intended to recruit patients with non-microbiologically documented, highly probable MRSA infections. However, in practice, we found identifying such patients prospectively difficult and practically the trial included only patients with microbiologically confirmed MRSA infections. The main reason precluding inclusion of patients was inability to obtain informed consent at the time of acute sepsis. In Israel, regulations allow only legal guardians to replace patients' informed consent (informed consent from relatives is not allowed), and with acute conditions most patients did not have an appointed legal guardian.
Comparison with other studies Few randomised controlled trials have assessed the effectiveness of trimethoprim-sulfamethoxazole for the treatment of staphylococcal infections. A single randomised controlled trial compared trimethoprim-sulfamethoxazole against vancomycin for staphylococcal infections. 23 The trial randomised 228 intravenous drug users with suspected staphylococcal infections and analysed 101 with proven infections (54 with meticillin susceptible S aureus and 47 with MRSA). Vancomycin was superior to trimethoprim-sulfamethoxazole among patients with meticillin susceptible S aureus infections, but no differences were observed for patients with MRSA. Specifically, bacteraemia duration (total 57 patients) was longer with trimethoprim-sulfamethoxazole treatment for meticillin susceptible S aureus (7.8 v 3.5 days; P=0.05) and similar for MRSA (5.2 v 5.6 days). The authors concluded that trimethoprim-sulfamethoxazole is a valuable alternative for the treatment of MRSA infections, unlike the conclusions of our study. However, the study included significantly younger and less ill patients, with a single death compared with the 13% mortality rate in our study. In a recent randomised controlled trial, trimethoprim-sulfamethoxazole combined with rifampin was compared with linezolid in the treatment of MRSA infections (bacteraemia in 18/150 (12%) and mortality in 14/150 (9%)), showing no differences in failure/relapse rates or mortality. 15 Among 50 patients with chronic meticillin susceptible S aureus osteomyelitis randomised to trimethoprim-sulfamethoxazole-rifampin versus oxacillin, long term outcomes were similar and patients allocated to trimethoprim-sulfamethoxazole-rifampin had a significantly shorter hospital stay (median 51 v 31 days). 35 Finally, trimethoprim-sulfamethoxazole was not significantly different from doxycycline for uncomplicated skin and soft tissue infections in a small randomised controlled trial assessing 22 patients with MRSA. 36 The main treatment options for MRSA infections other than vancomycin (or teicoplanin) and trimethoprim-sulfamethoxazole include linezolid, tedizolid, telavancin, dalbavancin, oritavancin, daptomycin, tigecycline, and ceftaroline. 37 Most of the new antibiotics were evaluated for the treatment of skin and soft tissue infections in randomised controlled trials. Mortality was rarely assessed in these trials and when reported was very low (usually <1%). Few randomised controlled trials targeted infections other than skin and soft tissue infections, and most did not include only MRSA. Daptomycin was non-inferior to standard therapy in a randomised controlled trial including 245 patients with S aureus bacteraemia, of whom 89 had MRSA bacteraemia and were treated with daptomycin or vancomycin. 38 The overall mortality was 11%. Similar efficacy and safety for was shown for linezolid and vancomycin in nosocomial pneumonia, and the mortality rate in these trials was 14%. 39 Tigecycline was non-inferior to vancomycin in a randomised controlled trial including 156 patients with invasive MRSA infections, but most were skin and soft tissue infections (mortality rate 5%). 40 Telavancin was non-inferior to vancomycin in hospital acquired pneumonia (293 patients with MRSA, overall mortality in the study 19%). 41 Compared with these trials, ours included a larger group of patients with MRSA bacteraemia and a sicker cohort overall, as evidenced by the mortality rates, more closely reflecting patients treated with MRSA infections in clinical practice.
limitations of study
The main limitation of our trial is the small sample size of patients with bacteraemia, in whom results suggest an important advantage for vancomycin. No statistically significant differences were observed between groups at baseline for nearly all variables. However, a subtle difference existed for important prognostic variables, and more patients allocated to vancomycin were bacteraemic. Multivariable analysis of the entire study cohort showed a larger advantage of vancomycin with regard to treatment failure, reaching statistical significance. Patients with polymicrobial infections and receiving additional antibiotics were included in the study, reflecting its pragmatic nature. However, these were mostly inactive against MRSA and concomitant antibiotics covering MRSA were not allowed at randomisation. Patients excluded owing to inability to provide informed consent had higher severity of illness scores than those included, affecting the trial's external validity. Finally, the dosing of vancomycin and trough levels achieved (≥15 μg/mL in only 67% of patients) were lower than currently recommended, 20 potentially resulting in an underestimation of the efficacy of vancomycin and the difference between arms.
Conclusion
Trimethoprim-sulfamethoxazole did not achieve non-inferiority compared with vancomycin among patients with invasive MRSA infections. In the subgroup of patients with bacteraemia, the difference in treatment failure and all cause mortality might be clinically important. Trimethoprim-sulfamethoxazole should not be used for the treatment of severe MRSA infections. We propose a further randomised controlled trial to examine the feasibility of step-down from vancomycin to trimethoprim-sulfamethoxazole, allowing early discharge of patients with MRSA responding to treatment.
